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EXECUTIVE SUMMARY

A lake management plan provides a roadmap on policies andpractices that help ensure
a healthy lake and watershed. The plan is implemented by the lake community which
can include citizens, lake associations, businesses, government agencies, and other
organizations.

In 2016, the Rock Lake Improvement Association (RLIA), in collaboration with the
Jefferson County Land and Water Conservation Department, received a grant from the
Wi sconsin Department of Natur al Resources to

The RLIA formed an Advisory Committee of community membe rs to review the latest
data on the health of Rock Lake, and assist in crafting recommendations to improve and
protect Rock Lake and its watershed. This Advisory Committee represented a variety of
lake and watershed interests from fishing, to boating, shoreland areas, agriculture and
more.

The previous Management Plan for Rock Lake was completed in 2006 and contained
recommendations on a wide range of lake issues, from water quality to recreation.
These recommendations were fully or partially implemente d (34%), were ongoing
actions implemented by various entities (36%), or were not implemented due to
irrelevance or public or political will (17%). There also are some recommendationsthat
could still be implemented (13%).

The updated Rock Lake ManagementPlan contains background on Rock Lake and its
watershed, factors impacting the lake, and the Vision, Goals, and Recommendations of
the plan. The Vision, Goals and Recommendation are contained below. The entire plan
can be obtained at the RLIA website,www.rocklake.org, or at the L.D. Fargo Public
Library in Lake Mills.

Vision of the Rock Lake Management Plan

Work in partnership with our community to protect and enhance water quality, habitat,
and recreational asset in Rock Lake and its watershed for current and future
generations.

Water Quality Goal: Improve the water quality of Rock Lake by reducing the
summer average phosphorus level in Rock Lake by 20% by the year 2028
- The current 8-year (2009-2016) averagephosphorus is 17.7 ug/l. A 20%
reduction will result in average phosphorus of 14 pgl/l.
- Review this goal in 5 years (2022) to adjust as appropriate given the levels
achieved and additional research into phosphorus loading to the lake.

Agricultural Recomm endations to Achieve Water Quality Goal
1 Install conservation practices on agricultural lands within the Rock Lake
watershed to prevent soil erosion and protect water quality.



http://www.rocklake.org/

- Recommended practices include cover crops, reduced tillage including natill,
filter strips, and grassed waterways.

1 Find an agriculture leader(s) in the Rock Lake watershed who is interested in
forming a Rock Lake Producer-Led Watershed Protection Committee, in
collaboration with either Rock Lake Improvement Association (RLIA) or Land
and Water Conservation Department (LWCD) or both, to be eligible for funds to
prevent and reduce runoff from farm fields.

1 The LWCD should investigate areas identified in the EVAAL analysis to
determine if erosion control practices are needed. If they are, then contact the
landowners and provide available technical and financial assistance to control the
erosion.

T I mpl ement the 2014 AMiljala Channel Tribut

1. Maintain the channel turbidity barrier until installed practices make i t
unnecessary.

2. Continue to work with Daybreak Foods to ensure that chicken manure
spreading on farm fields is done according to state standards.

3. Implement a vegetated buffer on farm fields adjacent to the stream.

4. Stabilize the stream banks in partnership with landowners along the
stream.

5. Once upstream practices are installed, pursue wetland restoration to trap
sediment and associated phosphorus, and to improve wildlife habitat.

6. Perform monitoring to document changes resulting from practice
implementation.

Residential Recommendations to Achieve Water Quality Goal
1 Increase the total length of shorelands that have native vegetation (trees, shrubs,

flowers, grasses) and meet state standards from 28.3% in 206 to 39% by 2023

and 50% by 2028. (This is a recommendation that will also aid in achieving the

habitat goal.)

- Review this goal after repeating the shoreland and shallows survey (in 2021
and 2026) to determine if it should be adjusted.

- Actions could include: educate property owners about the importance of
shoreline vegetation and financial support via Healthy Lakes grant, RLIA
native plant sale, shoreland garden workshops, and garden tours among other
ideas.

1 The City and Town of Lake Mills should ensure that construction site erosion
laws are enforced byeither their building inspectors or other officials as required.

1 The Town and City of Lake Mills should work together on a new composting area
so citizens have more yard waste disposal options to reduce phosphorus
pollution.

1 Promote the use of stormwater management practices in the watershed including
rain barrels and rain gardens.

Streets Recommendations to Achieve Water Quality Goal

1 Continue to work with the Town and City of Lake Mills to reduce the delivery of
pollutants from streets to lakes and streams (such as runoff from Cedar Lane into




the Miljala channel, sediment buildup in cutouts on Shorewood Hills Road, and
updates to the storm drainage system on Lake Shore Road).

1 The City of Lake Mills should find a location other than Veterans Lane for snow
di sposal which doesndét i mpact the | ake. O
on Veterans Lane on the side of the road that is farthest from the Mill Pond.

1 Inthe short term, the Town of Lake Mills should direct their contactor to not
spread sand and st together. Salt should be placed at stop signs, hills, and
curves; sand should be placed on straight road stretches. After salt turns the snow
to slush, the roads should be plowed again.

1 Inthe long term, the Town of Lake Mills should modernize their approach to
snow/ice removal to incorporate a brining system (or other system that is
superior to the current situation).

- The Town could investigate partnering with the City of Lake Mills or Jefferson
County to obtain the equipment and/or personnel if lo cal contractors cannot
implement more modern systems of snow/ice removal.

Other Recommendations to Achieve Water Quality Goal

1 Research the pros, cons, and mechanics of restoring Rock Creek to its natural
channel by bypassing the manmade ditch downstream of County Highway A.

Water Quality Sampling Goal: Measure the health of lakes and streams in the Rock
Lake Watershed with volunteers and applicable technologies to track trends and identify
sources of pollutants.

Recommendations to Achieve Water Quality Sampling Goal

1 Increase the number of water clarity measurements to at least every other week
on Rock Lake by recruiting and training volunteers.

1 The Land and Water Conservation Department and the Department of Natural
Resources should take their phosphorous samples on different days in July and
August so that there are 4summer samples used to analyze the trends instead of
2 samples.

1 Measure the dissolved oxygen profile at the deep hole biweekly rather than
monthly in the summer to better document the amo unt of anoxic water and the
depth when anoxia happens throughout the summer.

1 Determine the level of internal phosphorus loading in Rock Lake by
implementing a sampling regime of additional dissolved oxygen and phosphorus
testing.

1 Determine the costs and the protocols/equipment needed to measure the
phosphorus loading that occurs from Marsh Lake to Rock Lake.

1T Expand water quality monitoring at Rock La
A; initiate temperature, dissolved oxygen, macroinvertebrates, and phosphorus at
Cedar Lane; determine if the creeks at Shorewood Hills Road and Hope Lake
Road can be monitored.

1 Collect concurrent samples of both base stream flow and phosphorous levels
from all the sampled input streams, where possible, on the same day. Storm
event sampling should also be pursued at these sites.




T

In Mud Lake, add water quality measurements (temperature/dissolved oxygen
profiles, phosphorus, and chlorophyll) to the existing clarity measurem ents being
taken by volunteers.

Habitat Goal:  Achieve adiverse ecosystem in the water and on the land for native
plants and animals to thrive.

Fish and Wildlife Recommendations to Achieve Habitat Goal

)l
)l

il
il

Look for opportunities to increase fish and wildlife habitat in Rock Lake and its
watershed including the fish sticks project at Tyranena Park.

The nearshore fish survey should be performed in future years to monitor the
trends in nongame fish populations. Future surveys should be performed using
both seining and electrofishing gear.

The Department of Natural Resources should add a boom shocking survey in
Rock and Marsh Lakes that specifically targets smaller, rare fish species by using
fine-mesh nets.

Additional and more frequent nearshore fish sampling should be performed in
Mud Lake because both rare and envionmentally sensitive fish species have been
documented there in 2007 and 2013. In addition, more sites should be added
and both seining and electrofishing gear should be used.

Additional fish surveys on Mud Lake should be performed. The carp population
should be assessed as it may be negatively impacting the aquatic plants.
Research whether fishing tournaments held on Rock Lake may be having a
negative impact on the lake or the fish population.

Continue to educate the public in the spring regarding Columnaris, a naturally
occurring bacterium that can lead to fish kills.

Research the feasibility of expanding frog and toad surveys to include other areas
such as Mud Lake, Bean Lake, Korth Park, and Lost Lake.

Continue to have volunteers perform the bat survey on Rock Lake each summer.

Aqguatic Plant Recommendations to Achieve Habitat Goal

1
il

Review the results of the 2017 aquatic plant survey and the 2018 bulrush survey
to determine if actions should be added to this plan.

Determine if the water milfoil near the outlet of the Miljala channel is native,
Eurasian, or a hybrid (via genetic testing), and pursue a DNR permit to hand pull
any Eurasian or Hybrid water milfoil.

Aquatic plant surveys (including the bulrush survey) should be performed
approximately every 5 years (starting in 2022) on Rock Lake, Marsh Lake, and
the mill pond to keep track of community changes and the appearance or spread
of invasive species.

Aquatic plant surveys should be performed on Mud Lake (starting in 2018/2019)
and done at a time whencurly-leaf pondweed is growing.

Continue to educate landowners about the value of native aquatic plants and
removal laws (especially that permits are required in sensitive areas prior to any
removal).



Invasive and Nuisance Species Recommendations to Achiee Habitat Goal

1 Continue to implement the Clean Boats/Clean Water program at the City and
Town of Lake Mills launches and expand coverage during waterfowl hunting
season.

1 Continue holding an annual environmental cleanup including invasive species
control (garlic mustard) and garbage pick-up.

1 Take action to reduce the Canada geese and sea gull population (including a geese
count to inform management officials on the population).

Shoreland and Shallows Recommendation to Achieve Habitat Goal

1 Perform the shoreland and shallows survey every 5 years (2021, 2026) to track
changes.

1 Investigate how to make it clear to boaters how to navigate through Korth Bay in
order to protect the sensitive area. Navigational buoys could be placed in the
Achannel 0 t lodalrdasidentk nown t

Mill Pond and Channel Recommendation to Achieve Habitat Goal

1 The City of Lake Mills should hold a public comments session (separate from a
City Council meeting) to review options proposed in the Mill Pond and Channel
dredging feasibilit y study prior to the City Council making a final decision.

Lake Recreation Goal: Ensure a safe and healthy multipurpose recreational
environment.

Water Recreation Recommendations to Achieve Lake Recreation Goal

1 Perform a survey in the summer to determin e boat congestion on the lake and if
there is a potential safety hazard during busy weekends.

- The survey could include: determining the number of boat trailers parked at
the launches, and counting the number of boats on the lake. Surveys on
multiple dates increases the likelihood of more meaningful data. Follow-up
actions could include limiting parking spaces to prevent the over usage of the
lake.

1 Research if the Town of Lake Mills can adopt an ordinance to limit the total
number of people on a watercraft and being towed to the total capacity of the
watercraft.

1 Share with the lake patrol the public survey results regarding which recreational
rules respondents observed being violated. Recommend that the lake patrol
increase education and perhaps citaions on those violations.

1 Research, with broader public input, the viability of simplifying the current Slow -
No-Wake distance regulation for all motorized boats to 200 feet from shore.

1 Educate lake residents regarding slowno-wake rules including: definit ion of
slow-no-wake, location of slow-no-wake areas, and distances in which motorized
vehicles must operate at slowno-wake speeds.

- This could be achieved by sending a letter to all lake residents.

9 Provide the recreational rules pamphlet to people obtainin g season launch passes
and continue to put the pamphlets at the launches.
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Beach Water Quality Recommendations to Achieve Lake Recreation Goal

T

1

The City of Lake Mills and Town of Lake Mills should follow the current DNR and
EPA protocols on posting beach waer advisories and closures.

The day after a beach water sample exceeds an advisory or closure standard, the
City of Lake Mills and/or Town of Lake Mills should take a beach water sample
and pay the costs to overnight it to the State Lab of Hygiene in Madison.

Review the status and enforcement of laws regarding dogs on public beaches and
explore options to provide lake access at other areas to prevent them from
polluting the beaches.

Sandy BeachRecommendations to Achieve Lake Recreation Goal

T

Prior to maki ng a final decision, the City of Lake Mills should hold a public
comments session (separate from a City Council meeting) to review the
proposal(s) for changes to the Sandy Beach and trailer park areas.

Any development to the Sandy Beach and trailer park areas should include
practices that result in no negative environmental and/or recreational impact to
the lake (including water runoff, boat use & access, and recreational safety).
Further, if no development is undertaken at Sandy Beach, the impacts to thelake
of the current situation should be reviewed to identify practices that improve the
impact that the park and its uses have to the lake.

Education Goal:  Achieve a more knowledgeable and active public in regards to Rock
Lake, the watershed, and the lake management plan.

Education Recommendations to Achieve Education Goal

T

Expand education efforts to create a more knowledgeable public on lake and

watershed issues, including efforts to train more citizen scientists.

- The public survey results can be usedo determine topics that could be
covered.

- Activities could include articles in the paper, internet and social media, direct
mail, workshops, one topic talks, garden or conservation practice tours, and
water tours.

Continue to provide new and current lake shore property owners with

information on the lake including zoning rules, recreational rules, and native

shoreland gardens.

Improve peace and tranquility by educating the public about light and noise

pollution.
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LAKE MANAGEMENT PLAN - PROCESS

The Rodk Lake Improvement Association (RLIA) received a lake planning grant from
the Department of Natural Resources (DNR) in 2016 to update the management plan
for Rock Lake aihkRLIA uded apublit gacesdite dbvelop the
updated plan.

Projec t Partners

Throughout the 2 years of the project, the RLIA and its Planning and Advocacy
Committee guided the planning process. They worked cooperatively with the Water
Resources Management Specialist with the Jefferson County Land and Water
Conservation Department (LWCD) to do this work. The Advisory Committee was
composed of members of the public who represented different lake interests including:
agriculture, environment, fishing, motorized recreation, non -motorized recreation, and
shoreland residents. In addition, people were on the Advisory Committee representing
the City of Lake Mills, the Joint Rock Lake Committee, Jefferson County, and the Town
of Lake Mills.

The roles and responsibilities of the RLIA, the LWCD, and the Advisory Committee is
listed below.

Rock Lake Improvement Association i Project Manager

1 Responsible for the overall management of the project

1 Responsible for meeting the grant requirements of the DNR

1 Responsible for making final decisions on the direction of the project

1 Role: oversee the entire project to make sure it is on track; consider the
recommendations and views of the Advisory Committee, resource experts, and
the public; finalize the recommendations and report; and communicate necessary
information to the Department of Natural Resources

Jefferson County Land and Water Conservation Department i Project Facilitator
1 Responsible for planning and implementing the project in partnership with RLIA
1 Responsible for drafting the Rock Lake Management Plan
1 Role: compile and analyze data on the lake, plan meetings, ensure public input
into the process, present options and recommendations, communicate with
resource experts, draft and finalize the final plan with the RLIA

Advisory Committee
1 Responsible for considering and reaching cnsensus on recommendations that will
be given to the RLIA for final consideration
1 Responsible for communicating with the interests/groups they are representing,
and the general public to get their input on ideas for recommendations

1 Role: serve as the keycommittee for generating recommendations for the future
management of Rock Lake by doing the following: read lake data provided; listen
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to the views of experts; attend public meetings; and consider the data, the expert
opinion, and the public input when formulating recommendations

Public Input

A crucial component of developing a lake management plan is ensuring that the public
is informed of the project and has an opportunity to provide feedback. This was
accomplished in many ways.

In June 2016, the Lake Mills Arts Alliance hosted a 2-week art show with the theme of

Al ake. 0O As part of this show, the RLIA had a
management plan as well as a box where people could insert cards with @asons why

they love Rock Lake. The responses were added to the notesf the February 2017 public

meeting. Patricia Cicero, the Water Resources Management Specialist with the

Jefferson County Land and Water Conservation
Pl ans f or &infankthosearkatteddarice about the lake and the upcoming

lake management planning process.

All of the meetings of the Advisory Committee were open to the public. Those in
attendance could contribute to the meeting in two different ways: 1. A public comment
item on each agenda. 2. Prior to decisions being made on specific topics, the meeting
facilitator would ask the public in attendance if they had any input to provide.

In October 2016, the RLIA took part in the Lake Mills community event called Fa Il Fest.
At this event, the RLIA had a display that provided information on the lake management
plan process. In addition, the public could insert comment cards into a box to provide
reasons why they love Rock Lake. The responses were added to the notes the
February 2017 public meeting.

On February 9, 2017, a public comments session was held. A total of 25 people were in
attendance. Atthe meeting, the public was asked the following questions:

fTWhat is your vision for the future of Rock Lake? What do you love about Rock
Lake?

fwhat are your concerns for Rod Lake? What would you change?
fTWhat are your ideas for positive change for Rock Lake and its watershed?

On October 19, 2017, a second public comments session was held. A total of 15 people
were in attendance. This session included a presentation that explained the planning
process andthe draft vision, goals, and recommendations of the plan. The public was
asked for their feedback.

The notes from the 2 public sessions are located in Appendix B

The RLIA Planning and Advocacy Committee and the LWCD worked together to

develop a public survey. Once questions were formulated, the survey was provided to

the DNR Resource Sociologist for review. The review consisted of fine tuning the

guestions. Once the survey was finalized, it was mailed to property owners located in
13



both the Rock Lake Watershed and the City of Lake Mills. A postcard was sent to the
recipients of the survey about a week after the initial mailing to remind people to
complete the survey. The public was also encouraged to complete the survey through
social media and a newspaper article in the Lake Mills Leader. A total of 2483 surveys
were mailed and there were 593 surveys returned for areturn rate of 23.8%.

The questions and results of the public survey are located in Appendix C.

Development of Lake Management Plan

The Advisory Committee met 10 times to review information on different topics and
come to consensus on recommendations. The meeting dates and the topic at each
meeting was as follows:
September 8, 20161 Project Overview, Roles, Responsibilities, Ground Rules
October 20, 201671 Overview of Lake and Watershed Quality
November 10, 20167 Recreation and Structures in the Lake
December 8, 20167 Nonpoint Source Pollution (Agricultural, Residential, Urban)
January 12, 20177 Nonpoint Source Pollution (Agricultural, Residential, Urban)
March 9, 20171 Shoreland Development, Shoreland and Shallows Survey
April 13, 20177 Water Levels, Odor Issues, Sandy Beach Feasibty Study
May 11, 2017 Millpond and Channel Study, Lake and Watershed Institutions
June 8, 201771 Phosphorus and Plan to Reduce Phosphorus
September 14, 2017 Finalizing Draft Recommendations

Prior to each meeting, the Advisory Committee received awritten report on the issue(s)
that they would discuss at the meeting. These reports then became the chapters in this
report on each lake/watershed issues.

The Advisory Committee considered the input from the February public session and the
public survey in their deliberations. Decisions on recommendations were made by
consensus of the Advisory Committee. The draft recommendations developed by the
Advisory Committee were reviewed by the RLIA Planning and Advocacy Committee.
The RLIA Committee organized the recommendations under main goals and also added
an overall vision for the future of Rock Lake. The draft vision, goals, and
recommendations were finalized by the RLIA Board for the October 2017 public
meeting. At the November 2017 RLIA Board meeting, the public comments were
reviewed; some additional minor changes were made; and the vision, goals, and
recommendations were finalized.

Lake Management Plan Amendments

The RLIA realized that new issues could emerge during the 10year time-frame of the
management plan. Therefore a process for amending the plan was developed.

When a new issue arises that could impact Rock Lake and its watershed, the Rock Lake
Improvement Association will take the following steps:

14



911f the issue(s) will have a significant impact on Rock Lake or its watershed, then
the RLIA will amend the management plan accordingly.

NI The RLIA will decide if other people/groups/stakeholders (including the Advisory
Committee and the Joint Rock Lake Committee) should be included in the
processto amend the plan.

9 The plan will be amended if consensus is reached by the RLIA Board with input
from the identified stakeholders.
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CHARACTERISTICS OF ROCK LAKE
AND THE ROCK LAKE WATERSHED

Rock Lake is 1,371 acres in size with a watershed of 15.1 squamiles. The watershed
consists of land in the Town of Lake Mills and the City of Lake Mills (Map 1). Rock Lake
is a natural glacial lake formed as a large compound depression in the ground moraine.
Rock Lakeis a drainage lake that flowsto Rock Creekwhich flows into the Crawfish
River which flows into the Rock River.

Land Cover

Map 2 displays the land coverin the Rock Lake watershed. Agriculture and agriculture -
related coveris the main land cover in the watershed. The next dominant land cover is

wetlands representing almost a quarter of the total watershed area. The majority of the
land in wetlands consists of a large wetland complexthat is south of Rock Lake.

Lakes in the Watershed
Besides Rock Lake, there are 3 other lakes within the watereed i Mud Lake, Perch
Lake, and Bean Lake. The basic characteristics of each lake are detailed in Table 1. The

southern basin of Rock Lake is known as Marsh Lake (210 acres).

Table 1. Lakes within the Rock Lake Watershed

Surface Maximum Mean Depth Shoreline
Area (acres) | Depth (feet) (feet) Length (miles)
Bean Lake 33 6 * 0.87
Mud Lake 95 22 7.4 1.67
Perch Lake 5 7 * 0.46
Rock Lake 1,371 60 16 11.9

* The mean depths of Beanand Perch lakes have not been determined.

Rock Lake T Water Quality

Rock Lake is the only lake in the watershed that has had consistent, longterm water

quality testing. The Department of Natural Resources samplesthe quality of Rock Lake
as part of their Long-Term Trend (LTT) Lakes Studies. There are 63 LTT lakes
throughout Wisconsin, and they were chosen to represent their lake class (Rock Lake is
a drainage lake) in their region. As part of this program, Rock Lake is sampled annually
during spring turnover and 3 times during the summer (July 15 1 September 15). The
sampling takes place at the deep hole and includes total phosphorus, water clarity,
chlorophyll a and vertical profiles of dissolved oxygen, temperature, pH, and
conductivity. Other parameters collected include alkalinity, color, nitrate, nitrite, and
total Kj eldahl nitrogen.
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Map 1. Rock Lake Watershed
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Map 2. Land Cover in the Rock Lake Watershed
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Since 1988, Rock Lakeds water quality has
Statebds Citizen L ak¥eyNanpléewaterclariygvertital profiles ok .

temperature and dissolved oxygen, and collect samples for analysis of total phosphorus
and chlorophyll a. The sampling is done 2 weeks after the ice comes off the lake, and
then monthly June through August, and sometimes September. Currently, this data is
collected by a volunteer and the Jefferson County Land and Water Conservation
Department.

Water Clarity

Water clarity is the measurement of how far light penetrates the water. It is important
because it can impact the depth of plart growth, the amount of oxygen in the water, and
the temperature of the water. In addition, the clarity of the water can affect recreational
use and property values.

Water clarity is measured using a Secchi disc which is an 8inch disc that is painted
black and white. The discis lowered into the water until it disappears from sight, then it
is raised until it becomes visible i that depth is recorded as the water clarity reading.
Many factors can impact the water clarity including wind and the amount o f algaeand
sediment in the water.

Water clarity measurements can be different depending on the time of year. The
standard in Wisconsin is to track the average of July and August ®cchi depths over time
to determine trends. While variations in water qua lity parameters such as clarity occur
from year to year, long-term data indicate the trends in the resource. The long term
trend (shown in Chart 1 as the line through the data) indicates that the water clarity is
increasing over time. The presence of zelba mussels, found in the lake in 2005, has
increased the clarity in the lake. Please note that there are many negatives associated
with zebra mussels (please see thanvasive species section below.

Chlorophyll a

Chlorophyll a is the photosynthetic pigm ent found in plants. It is a measure of the

al

S

| akebs al gae bi omass \wiidatng digal@plboens. Farmestc e nt r at i o

Wi sconsin | akes, concentrations | ess than

Lakedbs aver ag-@Augsst chlorephyll @ doncenyrations from 1991 through
2017 are shown in Chart 2. The summer averagesfor® ck Lake are al
The trend line in the chart shows a decrease in chlorophylla concentrations.

Total Phosphorus

Phosphorus is a nutrient that is called
concentrations in most Wisconsin | akes (including Rock Lake) as compared to nitrogen.
Therefore, increases in phosphorus in the water will increase the amount of algae and
plant growth. One pound of phosphorus delivered to a lake can produce up to 500
pounds of algae. Sources of phosphaus include runoff from farmland, animal lots,
construction sites, lawns, and shoreline erosion.

19

t

7 1
unde
he i



Chart 1. AverageSummer (July & August) Water Clarity in Rock Lake (please note that
the clarity axis starts at O depth at the top of the chart)
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Chart 2. Average Summer (July & August) Chlorophyll a in Rock Lake

Chlorophyll a, pg/!
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Phosphorus mostly is held in insoluble particles with calcium, iron, and aluminum.

Rock Lake is a hard water lake that precipitates marl (or calcium carbonate) i often
seen as a white substance in the sediment and white precipitate on plant leaves. By
absorbing phosphorus in its particles, marl helps control algae growth in Rock Lake.
Phosphorus is only released from particle form when the water is anoxic (has no
oxygen). Anoxic conditions occur in the bottom waters of deep lakes during the summer
when dead plant and animal matter use up the oxygen during decompaosition.

Phosphorus Water Quality Standard for Lakes

Wisconsin now has a water quality standard for total phosphorus that is set forth in
Administrative Code NR 102. This standard is established to protect both fish and
aquatic life uses and recreational uses. For Rock Lake, theotal phosphorus water
guality standard is 30 1g//l

In 2004, the average summer (July/August) total phosphorus was above this standard
at 3 4 Howgver| that average consisted of only one sample in the two month time-
frame of July and August. There was another date in which there was only 1 sample in
the July and August timeframe (2008), and that year the phosphorus was on the higher
level (257 g /. l)other years have 25 samples (there were 11 in 1996) taken in July
and August. High (or low) v alues that appear out of the ordinary may also indicate that
the samples were contaminatedduring the sampling process and therefore are elevated
over the true total phosphorus amount. It could also be the case that the phosphorus
samples weredone correctly, but the average summer total phosphorus amount might
have been lower had there been more than one sample.

Phosphorus Trends in Rock Lake

Average summer phosphorus concentrations are shown in Chart 3 From 1988 through
1999 there was a very dedicatd citizen doing the water quality sampling on the lake. He
started training his replacements in 1999 and they did the sampling through 2005. Due
to various factors, they were not able to consistently do the sampling. Since 2006, the
LWCD has been takingthe samples with citizens.

A linear trend line is not shown for this chart. Instead, the data is grouped into three
date spreads because the data shows the following pattern:

1 1988-1998: the data is fairly consistent

1 1999-2008: the data is jumping around and is not consistent

11 2009-2015: the data if fairly consistent

The average summer (July-August) total phosphorus values for these three time frames
are as follows:
91 1988-1998 = 11.71 ug/l total phosphorus
91 1999-2008 = 17.86 g/l total phosphorus (16.63 pg/ | without the 2004 and 2008
data)
11 2009-2016 = 18.21ug/l total phosphorus
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Chart 3. Average Summer(July & August) Total Phosphorus in Rock Lake

40.00

34.00

35.00

1 sample

State water quality criteria for total phosphorus = 30 ug/I

30.00

26.50

25.0 <
5 2500 3:50 &
3 <> 1 spmple
3
2
_g_ 2000 19.67 1900 19.70 19.54
2 < 118.00 o < [
2 17.00 16.50 o 17.00 17.05
= <o 000 ' 15.33 <o
= 14.75 & <>14 006 1488, a7
{© 15.00 < 1375 13:50 <> NS
11.50 1150 113 ¢
o 11.20
1000 . 9:009.00 75 ¢ ©
OO 8.00
<

5.00

1999-2008 average = 16.63

without years with 1 sample 2009-2017ave = 18.19

1988-1998 average = 11.71

0.00 T T T T T T T T T T T T T T T
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017

Phosphorus levels in a drainage lake can be increased due to increases in precipitation.
Therefore, the amount of precipitation for each year was compared to the phosphorus
results (Table 2). For the most part, years with above average precipitation for each
timeframe had above average total phosphorus for the timeframe.

Another way to analyze phosphorus trends isto consider the running average every 5
years. To do this, the average was determined for the summer (July/August) data from
1988-1992, the next average was determined for the 19891993 timeframe, and so on.
When this data is plotted on a graph (Chart 4), it shows that the phosphorus averages
for 5 year groupings have been decreasing since the 2002013 grouping.
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Table 2. Comparison of Precipitation and Total Phosphorus. Shaded areas indicate the
precipitation or total phosphorus that is higher than average for the particular time -
frame.

1988-1998 Timeframe 1999-2008 Timeframe 2009-2017 Timeframe
Total Precip | Ave TP Total Precip] Awe TP Total Precip| Awe TP
Total Ave* 33.31 11.71 Total Ave*| 35.79 17.86 Total Ave* 37.47 18.19
1988 24.57 9.00 1999 31.93 16.00 2009 38.35 18.00
1989 23.39 9.00 2000 40.34 19.67 2010 37.86 19.00
1990 36.54 11.50 2001 38.45 23.50 2011 30.54 26.50
1991 39.09 14.75 2002 26.19 13.50 2012 26.36 17.00
1992 32.13 8.75 2003 31.74 2013 45.38 14.88
1993 43.34 13.75 2004 39.38 34.00 2014 35.31 14.47
1994 33.54 11.80 2005 24.7 16.50 2015 39.59 19.70
1995 33.58 8.00 2006 36.73 14.00 2016 45.56 17.05
1996 31.69 11.20 2007 44.41 15.33 2017 38.28 19.98
1997 28.64 17.00 2008 44.06 25.00
1998 39.94 11.33

*Total Average = average of raw data, not the average of the averages in the table.

Chart 4. Five Year Running Averages of Total Phosphorus

25.00

*

20.00

15.00

Total Phophorus, ug/l

i
=3
=}
S

5.00

0.00

88-92 90-94 92-96 94-98 96-00 98-02 00-04 02-06 04-08 06-10 08-12 10-14 12-16

Internal Phosphorus Loading

An important consideration with phosphorus in lakes is to determine if internal
phosphorus loading is a source d phosphorus. At the bottom of lakes in the summer,
decomposing algae and plant matter will consume the dissolved oxygen in the water.
When there is no oxygen in the water (also called anoxic), then phosphorus attached to
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particles in the bottom of the lake can be chemically changed into a more soluble form of
phosphorus. The phosphorus released from the sediments is held in the bottom waters
and only enters the upper waters during fall and spring it u r rs o Bueing a
Aturnover 0 ev e ntulymikes, and tha phesphsruswhatthad been
contained in the bottom waters will mix with the surface water. That is why there can be
fall and spring algal blooms in Rock Lake.

In the late 1990s, phosphorus release from the bottom sediments (also @lled internal
phosphorus loading) in Rock Lake was determined to be low compared with more fertile
lakes (Marshall 1997). For example, summer (July and August) phosphorus
concentration s in the bottom waters of Rock Lake from 1986 through 1993 averaged 46

Tg/1l while concentrations in Lake Ripley,

Jef

County, exceeded 200 1Tg/l and 300 T1Tg/l respec

It is importa nt to determine if the depth at which the water becomes anoxic has changed
throughout the years. If the depth of the dissolved oxygen layer has gotten shallower,
then internal phosphorus loading may be more of a concern than in the past. Chart 5
shows that the shallowest depth of dissolved oxygen less than 2 mg/l has gotten
shallower throughout time. It is not known if these shallower depths are leading to
more internal phosphorus loading. In order to determine the amount of internal
phosphorus loading, the following steps should be taken:

1 In late September or early October, measure the dissolved oxygen evey 5 feet

1 Where the dissolved oxygen is less than 2 mg/l, take a phosphorus sample every 3
feet starting at the bottom (be sure not to disturb the sediment).

1 Determine mass phosphorus in the bottom of the lake (by calculating volume
(liters) of each slice that has the same total phosphorus and multiplying by the
total phosphorus result (mg/l))

1 In the Spring during the turnover event, take about 3 total phosphorus samples

1 Determine the Spring mass total phosphorus in the water.

1 Take the fall total phosphorus mass and subtract the spring total phosphorus mass.
The result is the internal loading amount for the lake.

If internal phosphorus loading is shown to be a large contributor to the phosphorus load
to the lake, then one possible solution may be alum treatments. The pros and cons of
this treatment would have to be pursued. If an alum treatment is the best alternative,
then the treatment would likely last a long time because Rock Lake is a deep stratified
lake that has a low sedimentation rate.
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Chart 5. Shallowest Depth where the Dissolved Oxygen is less than 2 mg/l in June and
July
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Phosphorus Inputs from Streams

There are 3 inlet streams to Rock Lake: Rock Creek that crosses County Highway A and
flows into Marsh Lake, an unnamed stream that crosses Cedar Road and flows into a
dredged navigation channel (Miljala channel), and an unnamed stream that crosses
Shorewood Hills Road and enters Rock Lake.

The stream entering the Miljala channel has had the most phosphorus data collected. At
the point before th e stream enters the Cedar Lane road alvert, there have been 35 total
phosphorus samples taken from June 2009 to August 2012. Of these samples, the
minimum total phosphorus was 0.1 mg/l, the maximum was 1.5 mg/I (it is 1.0 if you

take out that outlier); and the average was 0.41 mg/l. All of the data is shown on Chart
6.

The stream water quality standard for total phosphorus ( Administrative Code NR 102)

is 75mg/l (0.075 mg/l). Out of the 35 samples on this unnamed stream,all were over
this standard.
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Chart 6. Total Phosphorus Concentrations on the Unnamed Stream entering Miljala
Channel
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To determine the phosphorus loading to the lake, you take the concentration of the total
phosphorus and multiply it by the flow of the stream. Stream flow was determined

using a flow meter on some dates in 2009 when the phosphorus was also sampled. The
data and the calculated loading of total phosphorus to the lake are displayed in Table 3.

Table 3. Total Phosphorus Loading of the Unnamed Stream that Flows into the Miljala
Channel

Date Stream TP TP Loading TP Loading
Flow (cfs) (mgl/l) (Ibs/day) (Ibs/yr)
6/2/2009 0.42 0.268 0.607 221.49
6/8/2009 0.5 0.394 1.062 387.65
6/28/2009 0.25 0.227 0.306 111.67
7/28/2009 0.14 0.251 0.189 69.15

It is the case that both stream flow and the amount of phosphorus in the stream will
vary depending on a number of factors.

Rock Creek has had 28 total phosphorussamples taken that were more spread out over
time compared to the stream entering the Miljala channel. The dates of sampling were
1994, 1995, 2007, and 2013.Table 4 compares the data from all of these years to the
most recent sampling in 2013. Chart 7 displays all of the data and shows that the
phosphorus concentrations in Rock Creek have been fairlyconsistent (except for a few
outliers in 1994).
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Table 4. Rock Creekat County Highway A: Summary of Phosphorus Data

Chart 7.

All Years 2013 Only
(mg/l) (mag/l)
Minimum TP 0.02 0.028
Maximum TP 0.42 0.091
Average TP 0.084 0.064
Number of Samples 28 6
Number Exceeding Standard 9 2
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For Rock Creek, thedates in which there is both stream flow and total phosphorus
results is from 1994 and 3013. Table 5 contains the flow, total phosphorus
concentration, and calculated phosphorus loading.

Table 5. Total Phosphorus Loading of Rock Creekat County Highway A

TP TP Loadin TP Loadin
Date | Flow(cfs) | o (Ibs/day)g (Ibs/yr) )

5/10/1994 28 0.06 0.91 330.73
6/8/1994 0.1 0.12 0.06 23.62
6/18/1 994 0.1 0.42 0.23 82.68
5/21/2013 4.8 0.0912 2.36 861.40
7/12/2013 | 2.98 0.0479 0.77 280.88
9/11/2013 | 4.25 0.0689 1579 576.20
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Trophic State

By determining a | akeds trophic state, i
mesotrophic, or oligotrophic. These trophic states are based on water clarity, total
phosphorus concentration, and chlorophyll a concentration.

Oligotrophic lakes are clear, deep, and free of weeds or large algae blooms. They contain
low amounts of nutrients and therefore do not support large fish populations. However,
they can develop a food chain capable of sustaining a desirable fishery of large game
fish. Mesotrophic lakes have moderately clear water. They can have deep waters that
are low in dissolved oxygen during the summer, and as a consequence, can limit cold
water fish and release phosphorusfrom the bottom sediments. Eutrophic lakes are high
in nutrients and suppo rt a large biomass that includes aquatic plant, or frequent algae
blooms, or both. Rough fish are often common in eutrophic lakes. A natural aging
process occurs in all lakes to shallower and more eutrophic lakes. It is important to
point out that this aging process is accelerated by human activities (such asagriculture,
existing and new development, fertilizers, storm drains, etc. ) that increase sediment and
nutrient delivery to our lakes.

The Trophic State Index is determined using mathematical formulas that convert water
clarity , total phosphorus, and chlorophyll a measurements into a TSI scoreon a scale of
O0to 110. Lakes that are less fertile have a low TSI. Ae scale is described in Table 6

Table 6. Trophic State Index ScaleDescription

TSI I
Score Description
Classicoligotrophic: clear water, many algal species, oxygen throghout
TSI <30 . S .
the year in bottom water, cold water, oxygen-sensitive fish species in deep
lakes. Excellent water quality.
Deeper lakes still oligotrophic, but bottom water of some shallower lakes
TSI 30-40 . :
will become oxygen-depleted during the summer.
TSI 40-50 Water moderately clear, but increasing chance of low dissolved oxygen in

deep water during the summer.

Lakes becoming eutrophic: decreased clarity, fewer algal species, oxygen
TSI 50-60 | depleted bottom waters during the summer, plant overgrowth evident ,
warm-water fisheries (pike, perch, bass, etc.) only.

Blue-green algae become dominant and algal scums are possible, extensivg

TSI 60-70 plant overgrowth problems possible.

Becoming very eutrophic. Heavy algal blooms possible thraughout
TSI 70-80 | summer, dense plant bedsbut extent limited by light penetration (blue -
green algae blocks sunlight).

Algal scums, summer fish kills, few plants, rough fish dominant. Very poor

TSI >80 .
water quality.
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The Trophic State Index for Rock Lake over time is displayed in Chart 8. It represents
average July and August measurements of water clarity, total phosphorus, and
chlorophyll a. Rock Lake is characterized as a mesotrophic lake.

Chart 8. Trophic State Index for Rock Lake (Note: This chart does not contain the entire
Trophic State Index scale)

Water Quality Index

A water quality index was developed for Wisconsin lakes using data collected in July and

August (Lillie and Mason 1983). Table 7 showsthis index and contains the 2017 data on
Rock Lake.

Table 7. Water Quality In dex for Wisconsin Lakes with 2017 Rock Lake Data Indicated
(adapted from Lillie and Mason 1983)

Water . Total
Quaity | Water Ciarity Chioroptyl a Phosphorus
Index 9 0 gll)
Excellent >19.7 <1 <1
9.8-19.7 1-5
Very Good Rock Lake =1 3.2 | Rock Lake = 3.45 1-10
10-30
Good 6.6-9.8 5-10 Rock Lake = 20
Fair 4.9-6.6 10-15 30-50
Poor 3.3-4.9 15-30 50-150
Very Poor <3.3 > 30 > 150
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